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Mica, a natural material, ha.s long 
been the outstanding dielectric for ca¬ 
pacitors and, for many applications, 
has not been superseded. It is still used 
almost universally, for instance, for a-e 
standard capacitors and will undoubt¬ 
edly continue to be used in this applica¬ 
tion for a long time. In many respects, 
however, some of I he newer synthetic 
materials exhibit characteristics super¬ 
ior to those of mica. 

[I^Among the materials available in a 
form economically suited for capacitor 

Figure 1« View of the Type 980-A Decade Capaci¬ 
tor Unit. 



manufacture is polystyrene. This ma¬ 
terial possesses very nearly the ideal 
characteristics: dielectric constant and 
low dissipation factor that are invariant 
with frequency. Measurements from dc 
to at least several hundred megacycles 
show subst.antially constant values of 
these parameters. Mica, on the other 
hand, exhibits marked polarizations at 
frequencies below the audio range. 
The.se are manifested by ri.sing values of 
capacitance and dis.sii)ation factor at 
the low end of the audio range. The re¬ 
laxation times of these polarizations 



Figure 2. View of 
the Type 1419-A 
Decade Capacitor 
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(•orrrs|Miiid to frtM|utMicic,s in the tenths 
and JiimdrcdthM of ryolo.s jx^r second 
and appear even in tlic millicyclo and 
inicrocycle range. 'I'hese polarizations 
are helieved to be inlerfaeial. resulting 
presumably from the laminar structiin' 
<jf the mica. 

thorough dis<‘Ussion of polarizatitin 
in <lielectrics is lH*yond t he scope of tliis 
article. These phenomena can be de¬ 
scribed either in the fre(|uency domain 
in term.s of dieh*ctric constant aiul loss 
factor (comple.x dieh»ctrie con.stantt c)r 
in the linn* domain in terms of the time 
variation of current n*sulting from 
clianges in applied d-c voltage. The d-c 
responw* is often e.\pr(‘.ssed in terms «>f 
“apparent r(*.‘<istance,” and in fact most 
short term insulation-resistance meas¬ 
urements are aetiially notliing more 
than a measure of the charging current 
(lowing into the low-fre(|uency polari¬ 
zations. 

'rerininology is as yet not well stand- 
ardizi'd. Terms .such as "dielectric ab- 
s<nption,” “soakage," “voltage recov¬ 
ery,” and "d-c capacitance” have lx*en 
us<»d. 'rhe difh<-ulty is that such terms 
can Im* rehitively meaningless unle.ss the 
im'thod of measurement is speci(ii*d. 
It is to be hop(*d that standardization 
on terminology. s|)eciHcations, and 
nn'thod of mi^asurenient will .scxmi Im* 
reai'hed ‘ in these areas, which ap|M*ar 
to be of growing interest. 

( apacilors carefully made of pn»p- 
erly proce.ssed polystyn'iu* can be 
shown to l>e about two orders of magni- 
tnth’ better than an e(|uivalently care¬ 
fully mad<* mica capacitor. For e.xaiii- 
ple. .\!r. I*. F. I'ield ri'ports- ob.^ava- 
tions of high-(|uality, silvi‘re<l-mi<'a ca¬ 
pacitors that show rises in capacitance 
as great a.^ 'vhile similar iiH*asur(‘- 

nicnts on the polystyrene units described 
later indicate rises of indy a few tenths 
per cent. 'These mciusurements of tlis- 


(•harge current vs. time were taken over 
a period of weeks and thus eorrespoiul. 
in the fref|uency domain, to measure¬ 
ments in the microcycle range. 

Early Applications 

The potentialities of polystyrene as a 
capacitor dielectric were recogniziMl in 
the late thirties, and since about Ill4(t 
(Jeneral Radio has carried on a program 
of development, and manufacture for 
its own uses, tif polystyrene capa< ilors. 

()ur first commercial application was in 
tuning networks in the Typk 702 Vibra¬ 
tion Analyzer, in the frequency range 
down to 2.5 cycles. In this application 
other availal)le capacitors were un.satis- 
factory. Mica was not only mi of the 
question l>cu*au.se of cost, size, and 
weight in the large capacitance values 
n*(|uired, but the polarization men¬ 
tioned above causr'd anomalous be¬ 
havior at the low frequencies. Sub.sf‘- 
(juenl u.ses of stich capacitors inclmh* 
the Type 101 1-A Capacitance 'Te.st 
Rridge. In this in.strument, a l-gf po¬ 
lystyrene capacitor accurate to 0.2r)< 
is usikI as a standard. Field use in many 
hundreds of the.se bridges over a pericKl 
of ten years has .shown the.se capacitors 
ti) be entirely satisfactory from (lie 
points of vi(‘w of stability and life v\- 
pectancy. (’apacitors of this type have 
thus demonstrated their performance 
and reliability and are now ofTeixMl for 
.sale in the form of decade units. 

'rhe.s<» polystyrene-dielectric capaci¬ 
tors, owing to (heir v'ery low dielectric 
absorption, are particularly useful in 
re.search ami deveh»pment work on 
computor and integrator circuit.s. and 
on low-level a-e amplifiers. Reeaus<^ 
of tlieir ciHistancy of capacitance and 
ilissipation factor with fre(|uency, th(\v ^ 

' SiM’iMHw A ami .SiilMninmitti'o XII. .\STM Cmiii- 
niittcH' 1>-U art* in this Morlc. Ttii‘ Mritor hUI 

»»rlcomn anj' roniiiirniM i*r tin* imruripaUun «f itnyorK* 

iiitorwtpcl. 

* ('nt»il>ltslw‘«l (lata. 
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iiiako oxcellent components for ineasiir- 
^ inp circuits, filters, and tuned circuits. 
'Ffiey are nearly ideal capacitors for d-c 
work, because* of their hiRh in.sulation 
r(‘si8t.ance and low diele<*tric. al>sorption. 

TYPE 980 DECADE CAPACITORS 

Decades for assembly into (»ther 
eiiuipment are available in three ca- 
pacifance raiiRes, with capacitance at 
ma.\imum .setting of 1.0, 0.1, and 0.01 pf. 

I‘4ich decade consi.sts of four capaci¬ 
tors of magnitudes in the ratios 1-2-2-5. 
‘fhe swih'h s4*lects parallel combinations 
to give increments over zero capaci¬ 
tance in all integral values from I to 
10 . 

'rhe individual capacitor units are 
non-inductivoly wound and carefully 
heat treated, 'fhe tape u.siil is ca.st of 
puriti(*<l high-molecular-weight poly¬ 
styrene, pre-.stretched only in the direc- 
^ tion of winding. During heat treatment 
the* units are carried lieyond the transi¬ 
tion tt»mperalure of the polystyrene, 
ami the shrinkage of the tape pnaiuces 
an e.xtrcmely firm, stable unit, which is 
insensitive to pressure, and which is 
stable ill retrace capacitance value for 
lcmt>erature.s up to 05® C\ 

The units are hermetically .sealed in 
l>lack-fiiiish(*d bras.scans, having Teflon 
feed-through insulators to a.s.sure high 


resistance even umler adverse humidity 
I'onditions. No impregnant, which might 
jeopardize the low-fre(|uency perform¬ 
ance, is u.se<I. 

The cased units are mounted to 
a newly developed cam-type decade 
switch. The supporting dielectric ma¬ 
terial of tlie switch, including the shaft, 
is heat-resi.stant cros.s-link<*d poly.sty- 
rene, and Teflon spacers support the 
rigid-wire leads. 

Low-Frequency Performance 

The re.sulting decade capacitor as¬ 
sembly has an insulation resi.stance 
greater than 10'^ <»hms under standard 
laboratory conditions (23® (’, 50% HII) 
when measureil at 100 xolts. Di.s.sipa- 
tion factor is typically of the order 
of 0.(K)01 in the audio frequency range, 
and is .specified not to e.\(*eed .0002 at 
freciuencies doxvn to KM) cycles. slight 
ri.se occurs as frequency approaches 
zero, as shown in the plot of Fig. 3. 
Theory * indicates that the maximum 
value of di.ssipation factor (from dielec¬ 
tric loss) cannot be greater than one- 
half the value of the ri.se in capacitance. 
Mea.surement.s indicate that this maxi¬ 
mum value is of the order of 0.(M)05 


• Tlir "rircolnr-mK*'* lKn>rv pruiKMKsi by nnd 

( flf. 


Figur* 3. Typical plots of chonge in copacitanco and dissipation factor os o function of frequency for 
Typo 980 Oocado Capacitor Units. Typos 980*A, >8, and -C are polystyrene units; Types 980>L, -M. -N, 
and >F are paper and mica units. Capacitors are adjusted to their rated accuracy at 1 kc. 
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In addition, at some sufliriently low 
fre(|iieiH'y. the leakage resistance l>e- 
coines signifii'ant in dctenniiiing dissi¬ 
pation factor. At 10~* cycles, the 10'* 
ohms resistance of one microfarad pro 
duces a dissipation factor of ().(M)1. 

One of the most convenient means of 
measuring d-c performance is by the 
voltage*-recovery method. If a capaci¬ 
tor is charged for a given periiMl of 
time and then short-circuite<I through 
a protective re.sistor for a pc^riinJ long 
enough to discharge the high-frequency 
capacitance, the charges in the long¬ 
time polarizations remain. Thesi* charge.s 
gradually transfer to the high-fro 
quency capacitance and appear as a 
niea.surable potential at the terminals. 
If these capacitors are charged for one 
hour ami then dis(’hargc<l for 10 sec¬ 
onds, the ultimate recovered voltage is 
t). 1% or less of the original charging 
voltage. In contrast, even a good mica 
capacitor may recover 10% or rnort*, 


SPECIFIC 


while some impregnated pa|>er capaci¬ 
tors may show recoveries approaching 
the charging voltage. 

In terms of fretjuency characteristic 
the above performance is equivalent to 
an increase in capacitance of 0.1% at a 
frequency of the order of 10~^ cycles. 

High-Frequency Performance 

At frequencies above a few huiidretJ 
cycles, the dissipation factor of the 
material seems to reach a “floor’’ and 
remains constant, as dejes the dielectric 
constant. The terminal values of ca¬ 
pacitance and di.ssipation factor, how¬ 
ever, are modified by the residual in¬ 
ductance and series resistance of the 
capacitors, switch structure, and leads. 
The capacitance change increases as the 
s(juare of the frequency, while the dissi¬ 
pation factor change varies as the 3/2 
power of frequency. Itepresentative 
plots of these variati<»ns are shown in 

Fig 3. 


ATI ONS 


Accuracy: CHpacitaiiCH iiicremontii are wiiliin 
^ \% from aero mwition when niftiisunal at 1 
kr. The units are cnerked with the Hwntch inerh- 
high, electrically, and the common lend 
and (‘nee grounded. The zero cnpacitauci* hi 10 
Msf and muet be added to the eeitch HettingH 
to give the total capacitance. 

Diftipalian Foctor: than U.U002 at 1 kc niid 

2:rC, 50% RH 

Fracfuancy ChorocteritOcs: Figure^. 

Maximum Voltage: 500 voltfi d-c or |>euk at fre- 
quencipH below the limiting frequencies tabu* 
luted Im'Iow. At higher frequencies the idlowuble 
voltage decroasefl and i« inversely prooortional 
U) the Hquan* root of the frequency. Tluise lim¬ 
its corn*spon(l to a temix;rature rise of 40“^ 
f’entigradc for a fiower dissipation of 3.5 watts. 
Mounting: Machine screws for attaching the 
decailc to a panel are supplied. 

Dimontiont: SiH* aceompan>dng sketidi. 


Net Weight: 2 fioiilids, 2 oiinciTH. 
e MTG HOLES 



Frequency Limit ('ode 


Type 

('apariianre 

Ihrleciric 

in Kc-Max. Volt. 

IFord 

Price 

9S0-A 

9S0-B 

1.0 uf in 0.1 mF »tept. 

Polystyrene 
Poly dyf 

10 

100 

AVAST 

$66.00 

51.00 

980-C 

0.01 mF In 0.001 /iF steps, 

Polystyrene 

1000 ' 

AVOID 

57.00 
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TYPE 1419-A DECADE CAPACITOR 


A thnMMlial docarle capaoitor having? 
a range* from .001 /if to 1.11 /if in stops 
of .001 /if is also availaOk*. The indi¬ 
vidual Type 080 decades arc mounted 
on an aluminum panel, in an aluminum 


cabinet, providing complete electro¬ 
static shielding. A separate ground post 
is provided, so t hat the capacitor may be 
used in either two-terminal or three-t(*r- 
minal a|)plications, with <*ase groumled. 


SPECIFICATIONS 


Capacitanca Range: .(HJl/uif to I.llpf in 8tC|>B of 
.(MU/if. Till* thrw* dmidcH have steps of .001, 
.01, and .Ipf rcspe<rtiv«*ly. 

Zero Capacitance: Approximately 85/iAif. 
Accurocy: Individual capanitors are adjusted to 
an aeeurary of 1%. The cajjacilance at the 
lerininats, leas the zero eapiM.'itance, is within 
=*= 1 % of indi(rattHl value for any setting 
Dissipation Factor: I)i.«:.sipation fa<;tor caused l)y 
<lielertric loss is lo.ss tfian 0.1KX)2 at all frequen¬ 
cies above ion cycles. At high frequencies, series 
metallic r(*sistance inereaae.s the dissipation 
facUir Jis shown l»y tlie curves of Figure 13. 
Insulation Resistance: Greater than 1 mega- 
rn(*gohm (10’* ohms), when measured at KM) 
volte, 213'’ C, HFid 0(1% UH. 


Maximum Voltage: 500 VOltS d-c or peak. 
Frequency Characteristics: Tlie d-C capacitance 
IS equal to the 1-kc value within 0.1%. At high 
frequencies, .serit^ induct-aiu'e causes cajMici- 
tance to increasf: as shown by the t'urve^i of 
Figure .’3. 

Dielectric Absorption: Set? V'oltage Recovery. 
Voltage Recovery: The voltfigc recovery at the 
terminals i.s less than 0.1% of the original 
charging voltage, after a (charging period of one 
hour and a 10-s<*con<l discharge ihrough a re- 
si.staiice (?qual U) otie ohm i)er volt of charging. 
Mounting: Aluminum panel and (‘ubiriet. 
Dimensions: (I..t*ngth) 13 X (width) -l^YfiX (depth) 
5 inches, over-all. 

Net Weight: pounds. 


Type _ Cork W ord Prict 

1419-A Decode Capacitor..... BIOOT $195.00 


DECADE CAPACITORS WITH MICA AND PAPER DIELECTRICS 


The new deeado switch is now also 
used for mica and paper decade capaci¬ 
tors. d'he new assemblies replace the 
former Type 380, with identical mount¬ 
ing dimensions. \ listing lif these units 


is given, with speciHcations. below. Tlie 
I0W-I0.SS switch, plus improvements in 
the mica capacitors themselves, result in 
lower dissipation factor than that spec¬ 
ified for the supersetied Type 380 Units. 


SPECIFICATIONS 


Accuracy: Capacit.ancc incrementa on all unity 
.arc within ^ 1% from zero lataition when 
niciisurctl a( 1 kc except th(‘ Tvi'K PSO-b, which 
is accurale within ^ 2 %. The units are checked 
with the switch mech.anism high, electrically, 
and the coiuinon lead and case grounded. Th<‘ 
zero capacitance of all units is JUM^f and must 
be added to the switch settings to give the total 
capacitance. 

Dielectric: S«*e table. 

Dissipation Factor: .Sc>e table. 

Frequency Characteristics: See FiglU'e 3. 
Maximum Voltage: 5f)0 volts l)eak for all tinits 
(e.xcejit 980-b which is rated at 300 volts) at 
fre<pionei<j* Iwdow the limiting frecjnencies Uibu- 
l.ated l)elow. .\t higher freriuencies th(‘ allowable 
voltage decreases and is inversely proportional 
to tin* square root of the frequency. These limits 
<*orrespond to .m t«‘nii>eratfin? rise of ^O® Centi- 


2 Mrc. HOLES 



980‘F 
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View of the Type 9S0-F (left) and Type 9tO-N (right) Decode Capacitor Units. 


griuie for a power tliasipulion of 2.5 w'atta for 
the Typk ()8()-F and 3.5 watte for all other unite. 
Mounting: Machine Bcrewe for attaching the 
decade to a panel are supplied. 


Dimensions: See accompanying sketch. 

Net Weight: TvPE 08()-F, 3 pounds, 12 ounces; 
Type ‘)8l)-L, I pound, 1() ounces; Types 98()-M 
and -N, 1 pound, 8 ouni^es. 


IHssipation Frequency 
Factor at 1 Limit in 

kc and Kc for Code 


Type 

Capacitance Dielectric 

2S° C Max, Voltage Word 

Price 

9tO-F 

1.0 mHhO.I 

pf stops Mico 

Loss thon 0.0003 

S 

ACITE 

$138.00 

980.L 

1.0 mHoO.I 

pf stops Popor 

Loss thon 0.010 

1 

AUAGE 

28.00 

980-M 

0.1 in 0.01 

pf stops 1 Mico 

Loss than 0.001 

100 ' 

ADDER 

42.00 

980-N 

0.01 nf in 0.001 pf sUps 1 Mico 

Loss than 0.001 

1000 

ADDLE 

26.00 

980-PI 

Switch only .... 




11.00 


WESCON 1956 

The Western Kleetronic Show and ('onvention will he held in Los Angeles, 
August 21-24. Visit us in booths 918 and 919 to see the new GR instruments 
that you hav^e been reading about in the Experimenter, including: 

Type 1230-A D-C Amplifier and Klectromcter 
Type 1605-A Impedance Comparator 
Type 1391-A Pulse, Sweep, and Time-Delay Generator 
Type 1603-A Z-Y Bridge 

Type 874-LBA Slotted Line, with Type 874-MI) Motor Drive 
Type 907-R and 9()8-R X-Y Dial I^lrives 
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TYPE 1420 VARIABLE AIR CAPACITOR 


A NEW, HIGH-QUALITY COMPONENT FOR INSTRUMENT USE 


The roiieept of machining a parallel- 
plate type of variable air capacitor 
from 8olid metal, although not a new 
one, is imi(|ue among contemporary 
manufacturers. 'Fhe main features of 
the new Tvet: 1420 Capacitors (Fig. 1) 
are derivL^l from this techni(jue, which 
oilers advantages, both mechanical and 
electrical, over more conventional meth- 
(kIs. 

Certain mechanical advantages are 
obvious. Machining Ls inherently a 
more precise operation than rolling, so 
that plates can be better controlled in 
thickness and straightness, (lang mill¬ 
ing eliminates the cumulative spacing 
errors imposed by piece tolerances on a 
stacked structure, and turning and bor¬ 
ing on a single piece insuri‘s better con¬ 
centricity than can be obtained in a 
composite assembly. The integral-plate 
construction makes a sturdy structure 
with high mechanical stability. 

Electrical performance gains are 
equally apparent. The precise machin¬ 
ing produces inherently goisl linearity 
and control of capacitance magnitude. 
The homogiMieous nature of the con¬ 


ductors yields lower metallic resistance 
and inductance than even a soldered 
stack and provides low thermal drift. 
Tlie riiggcdness of the plates miniiniz<;s 
microphonic tendencies. 

The Cienural Radio Company, in the 
light of the advanced state of the arts 
of aluminum extnision alloys and cut¬ 
ting tools, undertook the development 
of a practical capacitor incorporating 
the foregoing advantage.^. Although the 
improved performance for this con¬ 
struction in an instrum(‘nt-grade ca- 
par'itor would warrant a cost premium, 
it was discovc;red that the proper com¬ 
bination of free-machining aluminum 
alloy with tungsten-carbide tools in a 
special ma<*hine (P'ig. 3) produce<J su¬ 
perior one-piece plate assemblies at Ies.s 
cost than the conventional punching, 
stacking and .soldering methoiis. 

The design of the Typk 1420 Varia¬ 
ble Air Capacitor, delineated in Fig. 2, 
takes further advantfigc of the machin¬ 
ing proce.ss to provide a number of 
extra features. Recause the stator (1) 
is plunge cut, the resulting plates are 
completely joiiuMl on their outer pt'- 


Figura 1. Viaw of the three stock models of Type 1420 Variable Air Capacitor 
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riphorieH. This oliniiiiates irrogularitii*s 
ill tile (‘HpHciliiiice-v.s.-rotation curve 
which might otherwis<* he cuusetl when 
the rotor passes the vicinity of a stator 
supporting post or strut, helps to min¬ 
imize resistance and inductance, and 
makes the part rigid enough to serve 
as the supporting frame for the whole 
capacit<»r. I’sc^ of the stator as a fraim* 
is accompIislu'iJ hv concentrically bor¬ 
ing out all Iml *32 in. of the four plates 
on each end of th(‘ piece. Precisely fittcxJ 
polystyrene insulators (2) are match(‘d 
to these honnl ends and held by clamps 

(3) . The vestigial plates in both .stator 
and clamps lock the insulators axially. 

Polystyrene i.s an ideal dielectric ma¬ 
terial for the insulators of an air capaci¬ 
tor. Ixicausi^ of its low di(‘l(‘ctric con- 
.stant and extremely low losses. Al¬ 
though it is thermally and mechanically 
unsuitable in most structures, the insu¬ 
lators in the Tyi*k 1‘42() an» machined 
from a cast bar of cross-link(*d polysty¬ 
rene for thermal adef|iiacy and are 
stre.ssed entirely in compre.ssion over a 
wide area tr> eliminate crazing or other 
structural failure. 

'rhest» insulators have tapped center 
holes and are slit, to mate with and to 
clamp on to. threadisl bearing <‘ag(^ 

(4) and (o), thereby permitting mi¬ 


crometer adjustment and subscM|uent 
locking of the ball bearings (10), which 
support the .shaft (G). The shaft is of 
glas.s-reinforceil polyester, filled with long 
a.xial fibers, .similar to a modem fishing 
hkI, and is of exceptional strength and 
stability as well as being good electri¬ 
cally. The use of an insulating shaft 
isolate.s the rotor for three-terminal 
connections and takes the ball bearings 
out of any electrical path. It is well 
known that the erratic conductivity of 
ball bearings pHnlinres electrical nois(» 
even when well shunttHl by parallel 
sliding contacts. 

The rotor (7) is simply and firmly 
attached to the .shaft by setscrews 
transvera(‘ to a closely fitted through 
hole. The concentricity of the rotor is 
insured, Ivecause the plat<*s are niilltHl 
and tunie<l on a centered arlKir held by 
the setscrews e.xactly as the shaft is 
.securetl in as.s<*mbly. The front end 
bearing cage (4) has a flange by which 
the capacitor is mountcHl, and the rear 
cage (5) has a thin-wallcxi, fx^forate*! 
exten.sion to which a rotor connection 
may be soldert'd. Klectrical connection 
to the .stator is normally made by a 
.colder lug (G) which is affixenJ adjacent to 
the rotor terminal to aid in providing 
short leads to a.s.s<x‘iate<I circuitry. 
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A foin-silver, split-spring ring (S) 
^ is attaohed permanently to the rotor 
with drive pins and has two independ¬ 
ent sliding contacts brushing the rear 
bearing cage. In the General Radio 
Typk R)06-A R-F Bridge, a special 
reverstHl version is used, in which the 
rotor brush makes contact with the 
front bearing housing to provide a 
grounded rotor. 

The rotor, stator, and clamp blanks 
are cut ofT from shaped extruded hkIs 
(Fig. 4). The aluminum alloy is iden¬ 
tical in these parts to eliminate dilTer- 
ential expansions and consequent ther¬ 
mal capacitance drift. The bearing 
cages are of brass, bright-alloy plated, 
and the full size (standard inch series 
ball bearings are double shielded, 
packed with \^ide-temperature-range lu¬ 
bricant and are suitable for continuous 
motor drive. In the Type 1606-A R-P^ 
^ Bridge these capacitors have passed ail 
the environmental tests of MIL-T- 
945-A. 

An interesting application of the 
Type 1420 Capacitor is shown in F'ig. 5. 
This small, plug-in, general-purpose 
variable capacitor is shielded and 
equipped with a coaxial connector. The 
design takes advantage of the good 
higli-frequency characteristics of the 
Type 1420, as well as its compactness. 



Figure 3. Designed and built in Central Radio's 
tool deportment, this machine automatically mills 
the rotors and stators from the aluminum extru> 
sions shown in Figure 4. 


ruggednes.s and reliability. 

The General Radio Company has had 
several years experience in the manu¬ 
facture and use of these milled plate 
capacitors in proprietary instruments. 
They are now being offered for sale as 
a catalog component in the belief that 
many customers will have applications 
ideally suited to their many features. 

-II. M. \VlL.SON 
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SPECIFICATIONS 


Capacitance Range: 



Notnimtl 

Parif/r for 


Max. Alin. 

Linear variation 

11 

250 IG 

2lG =*= 

<; 

lan II 

108 

y 

70 13 

54 ^ 5p/if 


Tlie rotor-to-ground caparitance ia alxMit 
and tlie atator-to-ground capacitauco ia 
about for all aizes. The data in the above 
table are for the eapaeitor uschI as a two-termi¬ 
nal devi(*e, with rotor grounded. If stator is 
grounded, maximum and minimum eapaeitanee 
values will tie dc<MX*asf!d by alM)ut 4nn(, 
Linearity: The variation of eapaeitauce witli 
angle of rotation is guaranteed litiear within 
11.2% of full seiUe. The angular range of 
linear vsiriations is 16<f. 

Typical linearity ia better Ilian 0.1%. 
Dielectric Losses: For the grouiidf?d-rotor con- 
ncetion, the dielectric losses correspond to a 
DoCo product of less than ,01 x 10“’*. The rotor- 
t; 0 -groiind capacibuice has a DoCo product, of 
0.1 X 10““. This loss component is in parallel 
with the nuiin capacitance ojily for the ground- 
stator <‘onnection. 

Insulation Resistance: Cireatcr than 10” ohms 



under standard .\STM laboratory conditions 
(23'' C, 50% UH). 

Temperature Coefficient of Capocitonce: .\pprox- 
imutely -j- .(KKI% [kt ilcgree C. 

Shock and Vibration: Will pas.9 shock and vibra¬ 
tion tests of Mllr-T-945-A. 

Moximum Voltage: 70 volts I)€ak. 

Inductance: Approximately O.OUG micro-henry. 
Torque: 2 ounce-inches maximum. 

Net Weight: Tyi'E 1420-F, 4 oz; -Cl, 4)-^ oz; -H, 
Sbj oz. 

Dimensions: See sketch. 


’I'm _ 

1420-F 70 max. 

1420-G nOMMhmax 

1420-H 250Mahmax. 


CWc Worfi 


Price 


MARRY 

MATI.V 

MAXIM 


$ 20.00 

21.50 

22.50 


CLOSE-OUT SALE OF TYPE 1702-M MOTOR 

CONTROL 


^-hp, push-button-controlled model 

Wo have on hand a nunibcr of our ^ 4 - 
hp. Type 1702-M Variac** Speed C’on- 
I roLs, eomplete wit h pii.sh-hiit ton eonlrol 
.stations. Tills model, which originall.v 
.sold for .$350.00, has been di.seonl imied 
as a re.siilt of the introduction of the new 
Type 1702-H\V, which can lie used 
with a drum-type controller to accom¬ 
plish th<* snine purpose at a lower 
price. 

The.se conirols are brand new and 
carry our .standard new-equipment 
guarantee. To close out our stoek. they 


are now olTered at .$175.00 eaeh, just 
one-half the original price. Circuit and 
characteri.stics are identical with those 
currently .supplied on newer models, 
and the unit is an exceptional bargain 
at this price, which is well below that of 
current models. 

This control will operate a 115-volt, 
d-c, shunt or compound motor from a 
115-volt, GO-cycle, a-c line. Motor speed 
is continuously adjustable and is con¬ 
trolled by a Variac* autotran.sformer. 
A de.scriptioii will be found on page 3 
of the Expen menter for December, 1953. 
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JULY, 1956 


View of tho Type 
1702-M VoriocMotor 
Speed Control. The 
tmoll control unit 
shown at the left con 
be mounted in any 
location convenient 
to the operotor. 



SPECIFICATIONS 


Horsepower: ) 'i and 

Input: IU5 to 125 volta, (iO eyries, or 105 to 120 
vollM, 50 eyelea, 10 amperes. 

Input Power: 1150 watts, full load; 05 watts, 
standby. 

Electricol Output: .\rmaturc supply, 0 to 115 
volts, 6.5 amperes, dc; Held supply, 115 or 
75 volts, 0.4 ampere. 


Motor Speed Ronge: 0 to rated or 0 to 1.15 rated. 
Dynamic Braking: .Automatic in stop position. 
Armature Overload Protection: Circuit breaker 
at 7.5 to 1) ampi^nv. 

Control Station: Hemotc. 

Moln Coblnet Dimensions: 13^ X 15 .X 6} 2 inches. 
Code Word: WK.STY 
Price: $175.00. 


RECORDER COUPLING FOR THE BEAT 

~ FREQUENCY AUDIO GENERATOR 

T'he Sound .Vpparatus Company, 
»Stirlinft, New Jersey, has recently com- 
pletoti the development of its Model 
SL-4 Hecorder. It is designed for the 
plotting of frequency re.spon.se curves of 
electro-acoustical apparatus. With it. 
response curves of loud-speakers, mi- 
croph(»nes, filters, etjualizers, tran.s- 
forniers can he autonmti(‘ully plotUnl 
in a very .short time. A (leneral Radio 
Type 13()4-B Heat-Freijuency Audio 
Generator is especially recommended by 
the manufacturer as the generator for 
driving the eciuipinent under test. Its 
freciuency control dial is attach(*d by a 
low-ba<*kla.sh chain drive to the motor 
in the recorder which operates the pap(*r 
drive. Complete information about the 
recorder can be obtaine<l from iUs manu- 


Flgur* 1. Vi*w of th« Sound Apporatut Company's 
Modal SL^ Recordar couplad to lha Ganarol Radio 
Typo 1304-B Baof Fraquancy Audio Ganarotor. 
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Figure 2. The recorder coupled to the General 
Radio Type 760-B Sound Anolyzer. 

factiirer. He is equip|KHl to provide the 
coupling means between the recorder 
drive and the oscillator. 

Here is another application in which 
the beat-fni(|ueucy type of oscillator is 
ideal because the entire audio spectrum 
may be swept with one rotation of the 
frequency control dial, eliminating the 
need for the frequency multiplier atl- 
justments necessary with R-C type 
oscillators. 

Figure 1 shows the Sound Apparatus 
Model Sl^ Recorder couple<l to the 
Type 13()4-H Reat-Fre(iuency and Fig¬ 
ure 2 shows the same recorder arranged 
to drive the Type 7(i0-li Sound Analy¬ 
zer. 


nnilE (»en€nil Hadui K\PEHiyfiC!\TEI{ is mailed without char fie each 
month to enfiineers, scientists, technicians, and others interesteil 
in electronic techniques in measurement. If hen sendinfg re€iuests for 
subscriptiims am! adilress^change notices, please supply the following 
information: name, company address, type of business atnipany is engaged 
in, and title or position of imiividual. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRawbrldg* 6-4400 


BRANCH ENGINEERING OFFICES 


NEW YORK 6, NEW YORK 
90 WEST STREET 
TEL. —worth 4.2722 


LOS ANGELES 3B, CALIFORNIA 
1000 NORTH SEWARD STREET 
TEL. —HOIIywo*d 9-6201 


CHICAGO 5. ILLINOIS 
920 SOUTH MICHIGAN AVENUE 
TEL. —WAboth 2-3820 


SILVER SPRING. MARYLlARlD 
BOSS 13th STREET 
TEL. —juniper S-IOBB 


PHILADELPHIA OFFICE 
1 ISO YORK ROAD 
ABINGTON, PENNSYLVANIA 
TEL. —HAncack 4-7419 


REPAIR SERVICES 

WEST COAST 


CANADA 


WESTERN INSTRUMENT CO. 

B2A NORTH VICTORY BOULEVARD 
BURBANK. CALIFORNIA 
TEL.—Victoria 9-3013 


BAYLY ENGINEERING. LTD 
FIRST STREET 
AJAX. ONTARIO 
TEL.—Toronto EMpIro 8-6B66 
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